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PhenylpropanoidsEssential oils have played a prominent role in research on natural products, due to the high level of bio-
active constituents, which include those derived from phenylpropanoids or terpenoids. This study aimed
to evaluate the antioxidant capacity of isopentyl ferulate (IF) employing in vitro experimental models for
elimination of the 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,20-azinobis-3-ethylbenzothiazoline-6-sul-
fonic acid (ABTS+), hydroxyl (OH) and nitric oxide (NO), as well as its capacity to electron transfer by
reducing potential and inhibition of lipid peroxidation by TBARS (thiobarbituric acid reactive substances)
method. In all in vitro antioxidants protocols, isopentyl ferulate showed to be potent in a concentration of
54.4 nM, presenting a percentage inhibition of 91.29 ± 0.57, 92.63 ± 0.28, 83.62 ± 0.18, 77.07 ± 0.72 and
79.51 ± 0.32% for DPPH, ABTS+, hydroxyl, nitric oxide and TBARS level, respectively. The increase of
absorbance at 700 nm in the concentrations of 3.4, 6.8, 13.6, 27.2 and 54.4 nM shows the reducing poten-
tial of IF. Similar results were obtained with Trolox (559 nM), a hydrophilic synthetic analogue of a-
tocopherol, which is widely used as a standard antioxidant. The present study demonstrated that isopen-
tyl ferulate has an antioxidant activity in vitro experimental models, suggesting that this compound could
enhance the development of a new product with antioxidant properties. However, further in vivo studies
are needed to assign possible implications in the treatment of diseases related with free radicals.
 2014 Elsevier Ireland Ltd. All rights reserved.1. Introduction
The chemicals substances that have one or more unpaired elec-
trons are considered free radicals, which have as main characteris-
tic that facility to donate their electrons to other molecules causing
chain reactions and oxidative damage [1,2]. Free radicals and
related molecules are classiﬁed as reactive oxygen species (ROS)
and reactive nitrogen species (RNS) derived and a wide variety of
these radicals are produced during normal metabolism in biologi-
cal systems, which are counterbalanced by cellular antioxidant
mechanisms. However, the imbalance by excess ROS and RNS
and decreased antioxidant defense systems at cellular level cause
oxidative stress, which can induced to damage by peroxidation ofcellular structures, protein oxidation, DNA damage and inhibition
of electron transport chain in mitochondria [3,4].
The free radicals formation during physiological processes
results in the development of antioxidant defense mechanisms.
Antioxidants are able to inhibit or prevent oxidation processes of
vital molecules in cellular processes and can be either produced
in the human body or can be absorbed from the diet [5]. Thus, it
is necessary to search for new antioxidant compounds as therapeu-
tic agents against diseases in which oxidative stress is involved in
pathophysiology [6]. The use of natural antioxidants in the treat-
ment and prophylaxis of diseases induced by free radicals has cer-
tain advantages. Most of these agents derived from natural
products can produce few side effects because of its low toxicity
compared to other drugs [7]. In perspective, compounds obtained
from medicinal plants are relevant, and among them, the essential
oils have been highlighted.
Among the groups of substances of natural origin with promis-
ing antioxidant capacity, essential oils have played a prominent
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nents. The majority of them are derived of phenylpropanoids or
terpenoids [8]. The phenylpropanoids are a diverse group of com-
pounds derived from the carbon skeleton of phenylalanine that are
involved in plant defense [9]. Among these compounds, stands out
the ferulic acid that presents several biological properties as anti-
bacterial [10], antiviral [11], neuroprotective [12] analgesic [13],
spasmolytic [14], anti-inﬂammatory [15] and mainly antioxidant
[16,17]. Furthermore, the development of their derivatives which
comprise similar chemical structure are promising, especially with
regard to pharmacological effects [18,19].
Considering the relevance of oxidative stress in the develop-
ment of various diseases, there is a growing interest in the search
for new compounds with antioxidant capacity. Thus, the present
study has the objective of providing information on the antioxidant
potential of synthetic compound called of isopentyl ferulate, a new
ester derivative of ferulic acid. The in vitro antioxidant capacity was
assessed by the inhibition of 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2,20-azinobis (3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS+), hydroxyl (OH) and nitric oxide (NO), as well as its ability
to transfer electrons by reducer potential and inhibit lipid peroxi-
dation by TBARS method. In this study, a possible mechanism of
antioxidant reactions of isopentyl ferulate (IF) has been discussed
for the ﬁrst time in the literature.2. Materials and methods
2.1. Chemicals
2,2-Diphenyl-1-picrylhydrazyl (DPPH), 2,20-azinobis(3-ethyl-
benzthiazoline-6-sulfonic acid) (ABTS), Trolox, thiobarbituric acid
(TBA), trichloroacetic acid (TCA), sodium nitroprusside (SNP),
2,20-azobis-2-amidinopropane dihydrochloride (AAPH), 2-deoxyri-
bose and potassium ferricyanide were from Sigma–Aldrich Co. (St.
Louis, MO, USA). All chemicals and solvents used were analytical
grade, and obtained from Sigma–Aldrich.2.2. Obtaining compound
Isopentyl ferulate (3-(4-hydroxy-3-methoxyphenyl) isopenta-
noyl of propeonate; (Fig. 1) is a compound derived from ferulic
acid, has a refractive index of 1.544 ± 0.02, surface tension of
40.3 ± 3.0 dyn/cm and density of 1.104 ± 0.06 g/cm3. The ester
was prepared as described by Khatkar et al. [20].
Process for the esteriﬁcation of ferulic acid: in a stirred mixture
of ferulic acid (5 mmol) in isoamyl alcohol (200 mL) was added to
concentrated sulfuric acid (0.067 mL, 1.25 mmol) and the reaction
mixture was subjected at reﬂux for 3 h in a 500 mL ﬂask. After
cooling to 25 C, ethyl acetate was added and the solution was
washed with water and brine. The ethyl acetate fraction was dried
over MgSO4, ﬁltered, and concentrated under reduced pressure.
The residue was puriﬁed by chromatography on a silica gel column
using 20% ethyl acetate in hexane to give isopentyl ferulate (yield
55%) [21].Fig. 1. Chemical structure of isopentyl ferulate.2.3. Evaluation of antioxidant capacity of isopentyl ferulate by DPPH
radical scavenging
For evaluation of antioxidant capacity against the DPPH radical,
the methodology described by Silva et al. [22] was used with some
modiﬁcations. Brieﬂy, a reaction mixture containing the IF (3.4, 6.8,
13.6, 27.2 and 54.4 nM) with 2.7 ml of DPPH stock solution
(100 lM) was stirred vigorously and incubated at room tempera-
ture in the dark for 30 min. The antioxidant evaluation was per-
formed in triplicate and the absorbance values were expressed as
percentage inhibition of DPPH by the following equation:
% Inhibition of DPPH ¼ fðAcontrol  Areaction mixtureÞ  100g=Acontrol
in which Acontrol is the absorbance of the ethanolic solution of DPPH
and Areaction mixture is the absorbance of the reaction mixture con-
taining the DPPH radical and the concentrations of IF. The effective
concentration (EC50) of the IF required for 50% inhibition of DPPH
radical at 517 nm was determined. The same experimental proce-
dure was used with the positive control Trolox (559 nM).
2.4. Evaluation of antioxidant capacity of isopentyl ferulate by ABTS+
radical scavenging
For the determination of antioxidant capacity against the ABTS+
radical, the methodology described by Re et al. [23] was used with
some modiﬁcations. The ABTS+ radical cation was initially formed
from the reaction of 5 ml of a 7 mM ABTS in 88 lL of a 2.45 mM
solution of potassium persulfate (K2S2O8), which was incubated
at room temperature in the absence of light for 16 h [24]. Elapsed
this time, a solution of ABTS+ was diluted in ethanol to obtain a
solution with absorbance of 0.70 ± 0.05 at 734 nm. In the dark
and at room temperature, different aliquots of IF were transferred
(3.4, 6.8, 13.6, 27.2 and 54.4 nM) to a tube with 1960 ll of the
ABTS+ radical. The experiment was performed in triplicate and
the absorbance readings were performed at the time of 6 min in
a spectrophotometer (734 nm). The results were expressed as per-
centage of inhibition of the ABTS+ radical by the following
equation:
% Inhibition of ABTSþ ¼ fðAcontrol  Areaction mixtureÞ  100g=Acontrol
in which Acontrol is the initial absorbance of ethanolic solution of
ABTS+ and Areaction mixture is the absorbance of the reaction mixture
containing ABTS+ radical and the concentrations of IF. The effective
concentration (EC50) of IF needed to inhibit 50% of ABTS+ radical at
517 nm was determined. The same experimental procedure was
used with the positive control Trolox (559 nM).
2.5. Evaluation of antioxidant capacity of isopentyl ferulate by
hydroxyl radical (OH) scavenging
For evaluation of antioxidant capacity against the hydroxyl rad-
ical generated by Fenton reaction, the methodology described by
Lopes et al. [25] was used with modiﬁcations. Brieﬂy, various con-
centrations of IF (3.4, 6.8, 13.6, 27.2 and 54.4 nM) was added to the
reactional medium (Fenton reaction) containing FeSO4 (6 mM), 2-
deoxyribose (5 mM), H2O2 (100 mM) and phosphate buffer
(20 mM, pH 7.4). The reaction mixture was performed for 30 min
at ambient temperature and terminated by the addition of phos-
phoric acid (4%, w/w) followed by 1% TBA (50 mM, NaOH aqueous
solution). Then, the reaction mixture was heated for 15 min at
95 C, cooled and the absorbance measured (532 nm).
The results were expressed as percentage of 2-deoxyribose deg-
radation by the following equation: 2-deoxyribose degradation
% = {(Acontrol  Areaction mixture)  100}/Acontrol, in which, Acontrol is



























Fig. 2. Antioxidant capacity of isopentyl ferulate at different concentrations
(3.4–54.4 nM) against the DPPH radical. The results represent the mean ± S.E.M.
of the values of in vitro inhibition, n = 3, of the experiments in duplicate. Trolox
559 nM was used as standard antioxidant. ⁄p < 0.05 vs. control (0.05% Tween 80
dissolved in 0.9% saline) (ANOVA and Student–Neuman–Keuls as post hoc test).
ap < 0.05 vs. System (100% of DPPH radical) (ANOVA and Student–Neuman–Keuls
as post hoc test).
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bance containing the concentrations of IF. The effective concentra-
tion (EC50) of IF needed to inhibit 50% the 2-deoxyribose
degradation at 517 nm was determined. The same experimental
procedure was used with the positive control Trolox (559 nM).
2.6. Evaluation of antioxidant capacity of isopentyl ferulate by nitric
oxide (NO) scavenging
In this evaluation, the nitric oxide was produced from the spon-
taneous decomposition of sodium nitroprusside (SNP) in 20 mM
phosphate buffer (pH 7.4). Once generated, nitric oxide interacts
with oxygen to produce nitrite ions, which were measured by
the Griess reaction of according with method of Basu et al. [26].
The reaction mixture (1 mL) containing 10 mM of SNP in phos-
phate buffer and IF (3.4, 6.8, 13.6, 27.2 and 54.4 nM) was incubated
at 37 C for 1 h. An aliquot of 0.5 ml was taken and homogenized
with 0.5 mL of Griess reagent.
Absorbance of chromophore was measured at 540 nm on a
spectrophotometer and the results were expressed as percentage
inhibition of nitrite ions. The effective concentration (EC50) of com-
pound required for 50% inhibition of nitric oxide at 540 nm was
determined. The same experimental procedure was used with
the positive control Trolox (559 nM).
2.7. Evaluation of antioxidant capacity of isopentyl ferulate by
inhibition of lipid peroxidation
For evaluation of antioxidant capacity by the inhibition of lipid
peroxidation, the TBARS method (thiobarbituric acid reactive
substances) described by Guimarães et al. [27] was used with
modiﬁcations. Brieﬂy, an aliquot of 0.5 mL of egg yolk homogenate
(1% w/v in 50 mM phosphate buffer, pH 7.4) was mixed with IF at
various concentrations (3.4, 6.8, 13.6, 27.2 and 54.4 nM). The
lipid peroxidation was induced by the addition of 0.1 mL of
2,20-azobis-2-amidinopropane-dihydrochloride (AAPH, 0.12 M)
for 30 min at 37 C. Subsequently, was added 0.5 mL of trichloro-
acetic acid (15%) and 0.5 mL of thiobarbituric acid (0.67%)
and heated at 97 C for 15 min. After 15 min, the reaction mixture
was centrifuged and the absorbance of the supernatant measured
at 532 nm.
The extent of lipid peroxidation was estimated by TBARS levels
formed and the results were expressed as percentage inhibition of
lipid peroxidation: % Inhibition = {(Acontrol  Areaction mixture)  100/
Acontrol, in which, Acontrol is the absorbance of lipid peroxidation
induced by APPH without IF (100% of TBARS level) and Areaction mixture
is the absorbance that contain the concentrations of IF. The effec-
tive concentration (EC
50
) of IF necessary to inhibit 50% of the forma-
tion of TBARS at 532 nm was determined. The same experimental
procedure was used with the positive control Trolox (559 nM).
2.8. Evaluation of antioxidant capacity of isopentyl ferulate by
reducing potential
For the determination of reducing potential of IF, the methodol-
ogy described by Singhal et al. [28] was used with modiﬁcations.
Brieﬂy, was prepared a reaction mixture containing various con-
centrations of IF (3.4, 6.8, 13.6, 27.2 and 54.4 nM), 1 mL of 1%
potassium ferricyanide and 1 mL of sodium phosphate buffer
(0.2 M, pH 6.6). The reaction mixture was incubated at 50 C for
20 min, followed by addition of 1 mL of 10% trichloroacetic acid,
1 ml of distilled water and 0.5 mL of 0.1% ferric chloride (FeCl3).
The absorbance of the reaction mixture was measured at 700 nm
against blank that contained only phosphate buffer. The concentra-
tion of IF which provides an increase of 0.5 of absorbance (EC50)was calculated. The same experimental procedure was used with
the positive control Trolox (559 nM).
2.9. Statistical analysis
The results of antioxidant capacity were expressed as
mean ± standard error of mean (SEM). Statistical analysis was per-
formed using one-way ANOVA for multiple comparisons and fol-
lowed by Student–Newman–Keuls as post hoc test. Results were
considered statistically signiﬁcant when p < 0.05. In addition, Pear-
son correlation coefﬁcient was used to assess the relationship
between the results of in vitro antioxidant tests.
3. Results
3.1. Antioxidant capacity by DPPH scavenging
The values of antioxidant capacity against the DPPH radical in
concentrations of 3.4, 6.8, 13.6, 27.2 and 54.4 nM were 68.57 ±
1.21, 77.27 ± 2.03, 81.99 ± 2.15, 86.68 ± 0.55 and 91.29 ± 0.57%,
respectively, in which signiﬁcantly reduced (p < 0.05) the DPPH
radical in relation to System (Fig. 2). The Trolox (559 nM) also sig-
niﬁcantly reduced (p < 0.05) the DPPH radical showing
88.56 ± 0.72% of antioxidant capacity (Fig. 2). According to the
results of antioxidant capacity in the removal of DPPH radical,
the EC50 value was 0.66 nM with the 95% conﬁdence interval rang-
ing from 0.06 to 1.68 nM.
3.2. Antioxidant capacity by ABTS+ scavenging
The result antioxidant corresponding the removal of ABTS+ rad-
ical by IF in different concentrations is represented in Fig. 3. The
values of antioxidant capacity of the IF in concentrations of 3.4,
6.8, 13.6, 27.2 and 54.4 nM were 80.32 ± 0.10, 84.37 ± 0.95,
87.31 ± 0.05, 91.33 ± 0.32 and 92.63 ± 0.28%, respectively, in which
signiﬁcantly reduced (p < 0.05) the ABTS+ radical in relation to Sys-
tem (Fig. 3). The Trolox (559 nM) also signiﬁcantly reduced
(p < 0.05) the ABTS+ radical (System) with 91.80 ± 0.38% of antiox-
idant capacity (Fig. 3). According to the results of antioxidant
capacity in the removal of ABTS+ radical, the EC50 value was of
0.07 nM with the 95% conﬁdence interval ranging from 0.01 to
0.57 nM.
3.3. Antioxidant capacity by hydroxyl radical scavenging
In the present study, the hydroxyl radical was generated from
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Fig. 3. Antioxidant capacity of isopentyl ferulate at different concentrations (3.4–
54.4 nM) against the ABTS+ radical. The results represent the mean ± S.E.M. of the
values of in vitro inhibition, n = 3, of the experiments in duplicate. Trolox 559 nM
was used as standard antioxidant. ⁄p < 0.05 vs. control (0.05% Tween 80 dissolved in
0.9% saline) (ANOVA and Student–Neuman–Keuls as post hoc test). ap < 0.05 vs.





































Fig. 4. Antioxidant capacity of isopentyl ferulate in different concentrations (3.4–
54.4 nM) in the inhibition of 2-deoxyribose degradation by removal of hydroxyl
radical. The results represent the mean ± S.E.M. of the values of in vitro inhibition,
n = 3, of the experiments in duplicate. Trolox 559 nM was used as standard
antioxidant. ⁄p < 0.05 vs. control (0.05% Tween 80 dissolved in 0.9% saline) (ANOVA
and Student–Newman–Keuls as post hoc test); ap < 0.05 vs. system (100% of






































Fig. 5. Antioxidant capacity of isopentyl ferulate in different concentrations (3.4–
54.4 nM) against the formation of nitrite ions generated. The results represent the
mean ± S.E.M. of the values of in vitro inhibition, n = 3, of the experiments in
duplicate. Trolox 559 nM was used as standard antioxidant. ⁄p < 0.05 vs. control
(0.05% Tween 80 dissolved in 0.9% saline) (ANOVA and Student–Newman–Keuls as
post hoc test); ap < 0.05 vs. SNP (100% of nitrite ions) (ANOVA and Student–
Newman–Keuls as post hoc test).
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of hydroxyl radical in relation to the System (p < 0.05). In the con-
centrations of 3.4, 6.8, 13.6, 27.2 and 54.4 nM, the IF presented
antioxidant capacity of 37.17 ± 1.04, 47.78 ± 0.45, 56.15 ± 0.36,
65.03 ± 0.90 and 83.62 ± 0.18%, respectively. The Trolox (559 nM)
also signiﬁcantly reduced (p < 0.05) the 2-deoxyribose degradation
in relation to the System presenting 76.81 ± 0.32% of antioxidant
capacity (Fig. 4). According to the results of inhibition of 2-deoxy-
ribose degradation, the EC50 value was 8.12 nM with the 95% con-






























Fig. 6. Antioxidant capacity of isopentyl ferulate in different concentrations (3.4–
54.4 nM) by the reduction of TBARS levels. The results represent the mean ± S.E.M.
of the values of in vitro inhibition, n = 3, of the experiments in duplicate. Trolox
559 nM was used as standard antioxidant. ⁄p < 0.05 vs. control (0.05% Tween 80
dissolved in 0.9% saline) (ANOVA and t-Student–Neuman–Keuls as post hoc test).
ap < 0.05 vs. to AAPH (100% of TBARS levels) (ANOVA and Student–Newman–Keuls
as post hoc test).3.4. Antioxidant capacity by nitric oxide scavenging
The results corresponding to inhibition of nitric oxide (forma-
tion of nitrite ion) by IF at different concentrations are shown in
Fig. 5. The values of antioxidant capacity at concentrations of 3.4,
6.8, 13.6, 27.2 and 54.4 nM were 40.70 ± 1.09, 49.34 ± 0.34,
57.65 ± 0.70, 64.99 ± 0.90 and 77.07 ± 0.72%, respectively, in which
the IF reacted with nitric oxide and signiﬁcantly reduced (p < 0.05)
the production of nitrite ions generated by spontaneous decompo-
sition of sodium nitroprusside (SNP). The Trolox (559 nM) also sig-
niﬁcantly reduced (p < 0.05) the concentration of nitrite ions
presenting 62.84 ± 0.12% of antioxidant capacity (Fig. 5). According
to the results of antioxidant capacity in the removal of nitrite ions,
the EC50 value was 7.26 nM with the 95% conﬁdence interval
ranging from 4.38 to 10.25 nM.3.5. Antioxidant capacity by inhibition of lipid peroxidation
The resulting antioxidant of IF corresponding to inhibition of
lipid peroxidation by the reduction of TBARS levels in different
concentrations is represented in Fig. 6. The values of antioxidant
capacity at concentrations of 3.4, 6.8, 13.6, 27.2 and 54.4 nM were
54.12 ± 0.55, 61.62 ± 0.06, 68.76 ± 0.52, 75.64 ± 0.49 and
79.51 ± 0.32%, in which the IF signiﬁcantly reduced (p < 0.05) the
TBARS levels generated from lipid peroxidation induced by AAPH.
The Trolox (559 nM) also signiﬁcantly reduced (p < 0.05) the TBARS
levels in relation to AAPH presenting 57.62 ± 0.25% of antioxidant
capacity (Fig. 6). According to the results of antioxidant capacity
by decreasing the TBARS levels, the EC50 value was 2.23 nM with
the 95% conﬁdence interval ranging from 0.49 to 4.26 nM.3.6. Antioxidant capacity by reducing potential
The corresponding result of the antioxidant capacity of IF by its
reducer potential in different concentrations is represented in
Fig. 7. The increase of absorbance at 700 nm in the concentrations
of 3.4, 6.8, 13.6, 27.2 and 54.4 nM shows the reducing potential of
IF increase signiﬁcantly (p < 0.05) when compared to control. The
Trolox (559 nM) also presented reducing potential statistically sig-
niﬁcant (p < 0.05) when compared with the control (Fig. 7). Accord-
ing to these results, the EC50 value of IF necessary to reduce the
potassium ferricyanide (Fe3+) to form potassium ferrocyanide
(Fe2+) in 50% of their initial absorbance was 2.25 nM with the












































Fig. 7. Reducing potential (Fe3+/Fe2+) of isopentyl ferulate (3.4–54.4 nM). The
results represent the mean ± S.E.M. of the values of in vitro inhibition, n = 3, of the
experiments in duplicate. Trolox 559 nM was used as standard antioxidant.
ap < 0.05 vs. control (without isopentyl ferulate) (ANOVA and Newman–Keuls as
post hoc test).
Table 1
Pearson correlation coefﬁcient (r) between the different evaluation methodologies for
antioxidant capacity.
Correlation r p
DPPH vs. ABTS+ 0.991 0.0009
DPPH vs. nitric oxide 0.992 0.0009
DPPH vs. TBARS 0.986 0.0002
DPPH vs. hydroxyl 0.968 0.0007
ABTS+ vs. nitric oxide 0.980 0.0033
ABTS+ vs. TBARS 0.990 0.0001
ABTS+ vs. hydroxyl 0.969 0.0007
Hydroxyl vs. nitric oxide 0.988 0.0016
Hydroxyl vs. TBARS 0.982 0.0003














Fig. 8. Possible mechanisms of antioxidant action of IF in neutralization of the R
radical (DPPH, ABTS+, OH, NO2  eL, Fe3+).
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The correlation coefﬁcient (r) between the different values of
the antioxidant capacity was determined and is shown in Table 1.
The correlations between the results antioxidant (DPPH, ABTS+,
hydroxyl, nitric oxide, reducing potential and TBARS) were highly
positive (r > 0.960), indicating that the six tests provide compara-
ble values when used to determine the antioxidant capacity of
the IF.4. Discussion
The results of this study contribute to increase knowledge about
the antioxidant properties of the IF, since it has not yet been
described in the literature. Thus, the present study reports for
the ﬁrst time the antioxidant capacity of the compound IF using
several in vitro methods.
The method that involves the scavenging of the DPPH radical is
one of the most used due to ease and quickness of performance. In
this method, the antioxidant capacity was determined by analysis
of decrease in the absorbance of DPPH solution at 517 nm in a
spectrophotometer, in which the DPPH radical of purple color is
reduced to form DPPH2 (yellow color) [29]. Based on this principle,
the result obtained in this study clearly demonstrated that the
compound IF is a powerful antioxidant (3.4, 6.8, 13.6, 27.2 and
54.4 Nm). When the results are compared with the Trolox standard
(559 nM), it is observed that the antioxidant capacity by inhibition
of DPPH radical in concentration of 54.4 nM was better than the
Trolox with a concentration 20 times higher.
High antioxidant capacity in vitro was also obtained for the
ferulic acid [30,31] and its ester derivatives [32,33] (similar struc-
tural characteristics) against the DPPH radical at low concentra-
tions. In accordance with this spectrophotometric method [34],the inhibition of DPPH radical by IF can occur by transfer of a
hydrogen atom forming a stable molecule of DPPH2 (Fig. 8).
The elimination of ABTS+ radical is a conventional antioxidant
method and extensively used along with the DPPH radical to eval-
uate the antioxidant capacity of compounds of synthetic origin
[35,36]. In this method, the ABTS+ radical of blue/green coloration
is produced by the oxidation of the ABTS solution by potassium
persulphate and the reaction with an antioxidant compound is
monitored by decrease in absorbance of the reaction at 734 nm.
In this way, and similar to the results obtained in the DPPH
method, the present study demonstrated that the IF in concentra-
tions of 3.4, 6.8, 13.6, 27.2, and 54.4 nM is a potent antioxidant by
the inhibition of the ABTS+ radical.
As demonstrated in Fig. 3, the antioxidant capacity was propor-
tional to the increase in concentration and when the results are
compared with the Trolox (559 nM), the IF in concentration of
27.2 nM (91.33 ± 0.32%) showed antioxidant capacity similar to
Trolox (91.80 ± 0.38%). In the concentration of 54.4 nM
(92.63 ± 0.28%) it was more efﬁcient in the inhibition of the ABTS+
radical in a concentration 20 times lower than that of Trolox
(559 nM). The antioxidant result obtained in the present study is
in agreement with the work of Chigorimbo et al. [37] and Maurya
et al. [31], in which it was demonstrated that the compound ferulic
acid presents high antioxidant capacity against the ABTS+ radical
at low concentrations. In addition to the ferulic acid, the antioxi-
dant result for this test corresponds with the study of Aljawish
et al. [38], in which was demonstrated that the ethyl ferulate (ethyl
ester of ferulic acid) has high antioxidant capacity against the
ABTS+ radical better than Trolox.
In accordance with this spectrophotometric method [39], the
inhibition of ABTS+ radical by IF can occur by transfer of a hydro-
gen atom or mainly by a electron to form a molecule of ABTS+
(Fig. 8). When antioxidants results of DPPH (EC50 = 0.66 nM) and
ABTS+ (EC50 = 0.07 nM) are compared, it is possible to observe a
better antioxidant potential of IF against ABTS+ radical, suggesting
that the mechanism of antioxidant action may occur mainly by the
transfer of an electron. A better antioxidant potential against the
ABTS+ radical and in relation to the DPPH radical was also
observed in the in vitro study with the ferulic acid [31,37] and in
the study of Anselmi et al. [32] for several alkyl esters of ferulic
acid.
In the present work, the antioxidant method against the hydro-
xyl radical was based in the 2-deoxyribose degradation by hydro-
xyl radical generated by Fenton’s reaction, in which the
degradation produces the compound malondialdehyde which,
when heated with thiobarbituric acid in an acidic pH, forms a com-
plex that can be measured at 532 nm [39]. Thus, when an antioxi-
dant compound reacts with the hydroxyl radical, there is a
decrease in the rate of 2-deoxyribose degradation and of the values
of absorbance at 532 nm. The principle of this reaction was used in
this evaluation antioxidant and according to the result obtained,
the IF can be considered a powerful hydroxyl radical scavenger.
As seen in Fig. 4, the antioxidant capacity was proportional to
the concentration and when the results are compared with the
Trolox (559 nM), it is observed that the IF was more efﬁcient in
52 K.C. Machado et al. / Chemico-Biological Interactions 225 (2015) 47–53inhibition of 2-deoxyribose degradation from concentration of
54.4 nM (83.62 ± 0.18%). In another study, it was demonstrated
that the ferulic acid reduced the oxidative damage by inhibition
of hydroxyl radicals [40]. Initially, these results are promising con-
sidering that the hydroxyl radical is the most reactive between
EROs and induces severe damage to important biomolecules such
as proteins, lipids, and DNA.
The measurement of antioxidant capacity by inhibition of nitric
oxide was based on the principle that the sodium nitroprusside in
aqueous solution (physiological pH) spontaneously generates
nitric oxide, in which interacts with the oxygen to produce nitrite
ions (NO2) that can be measured by Griess reagent [26]. The prin-
ciple of this reaction was used in this study and in accordance with
the results obtained, the IF in concentrations of 3.4, 6.8, 13.6, 27.2
and 54.4 nM reacted with nitric oxide and managed to inhibit the
production of nitrite ions. As seen in Fig. 5, the antioxidant capacity
was proportional to the increase of concentration and when the
results are compared with the Trolox (559 nM), it was observed
that the IF in concentration of 27.2 nM (64.99 ± 0.90%) was more
effective in reducing of production of nitrite ions than Trolox
(62.84 ± 0.12%). In a previous study for the compound ferulic acid,
was demonstrated in vitro antioxidant capacity by inhibition of
nitric oxide proportional to the increase of concentration (1–
100 lM) [31].
The TBARS method has been widely used to assess the extent of
lipid peroxidation in vitro, in which the oxidation of the unsatu-
rated fatty acid occurs from a source rich in lipids [41]. Thus, the
antioxidant capacity of IF in the inhibition of lipid peroxidation
was performed using egg yolk homogenate as a source of lipids,
and in accordance with the obtained results, the IF inhibited the
lipid peroxidation by reduction of TBARS levels proportional to
the increase in concentration (3.4, 6.8, 13.6, 27.2 and 54.4 nM).
When the results are compared with the Trolox in the concen-
tration of 559 nM (57.62 ± 0.25%), it was demonstrated that the IF
in concentrations of 6.8 nM (61.62 ± 0.06%) was more effective in
reducing of TBARS levels. Initially, these results are promising con-
sidering that lipid peroxidation is an important process in many
pathological events and is one of the reactions caused by free rad-
icals such as hydroxyl. Thus, the antioxidant capacity by the free
radical scavenging may be one of the possible reasons for the IF
presenting high capacity of inhibition of lipid peroxidation.
Similarly to antioxidant result obtained in this study for the
TBARS method, the ferulic acid in experimental conditions
in vitro [31] and in vivo [42] also showed a high potential for inhi-
bition of lipid peroxidation.
The reducing power of IF was evaluated by the transformation
of potassium ferricyanide (Fe3+) of yellow color to potassium ferro-
cyanide (Fe2+) of green color. This color change occurs through the
electron transfer capability, which serves as an important indicator
of antioxidant capacity presented by IF, as demonstrated previ-
ously. Processes such as free radical scavenging and/or inhibition
of lipid peroxidation is mediated by redox reaction and in agree-
ment with the result obtained in the present study (Fig. 7), the IF
presented high reducing potential according to the increase in con-
centration. This result is better than the Trolox (559 nM) from the
concentration of 27.2 nM. This result is in agreement with the
study of Maurya et al. [31], in which it was demonstrated a reduc-
ing power of ferulic acid (1–100 lM) by the direct reduction of
Fe3+(CN)6 to Fe2+(CN)6.
The main mechanism involved in antioxidant capacity of a
given compound is related to electrons or hydrogen transfer [43].
Taking into consideration the antioxidant capacity of the IF, the
possible mechanism of antioxidant reaction against the radicals
evaluated from the abstraction of a hydrogen (H) of hydroxyl group
in aromatic ring of the chemical structure of the compound under
study was proposed (Fig. 8).Although the mechanism of the chemical reaction may be dif-
ferent to the methods of evaluation antioxidant employed in the
present study, the values of coefﬁcient of correlation between
the results obtained for in vitro antioxidant capacity were very
positive. Large correlation between the DPPH+ and ABTS+ method
was found and this result is consistent with other studies antioxi-
dants for the ferulic acid [44], and ester derivatives of ferulic acid
[37], in which it was demonstrated that, among the various meth-
ods used, the best results were found against the DPPH and ABTS+.
A similar coefﬁcient of correlation was also found between DPPH
vs. Nitric oxide, ABTS+ vs. TBARS and TBARS vs. nitric oxide.
5. Conclusion
The results obtained in this study clearly demonstrate that IF
has an antioxidant capacity, in the in vitro methods used, suggest-
ing that it may potentiate the development of a new pharmaceuti-
cal agent with antioxidant properties. However, more studies are
needed to elucidate the possible mechanisms that mediate the
antioxidant activity of IF.
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